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Background & Objective

Isolation bearing system Isolation bearings
in nuclear power plant

Chloroprene Rubber o oo in b iiige A degraded performance of isolation

““’f?e"d’""g"""’s”y bearings could have dramatic
contine

consequences for the safety and
durability of civil engineering structures

Inspection required prior to replacement:

» Non destructive testing (NDT)
> In situ

An aging rubber
bearing pad

Objective

Assess the feasibility of in situ monitoring of the aging of bearing
devices using ultrasonic method




Theory

Non destructive testing - Ultrasonic

Conventional methods:
(A. W. Nolle; P. W. Sieck 1952; K. Fujisawa & Y. Takei 2009)

> Transmission
> Water immersion

» Pulse-echo
Limit:
Shear measurement is impossible in chloroprene rubber
because of high ultrasonic attenuation (DG ivey et al 1949)

Transmission mode

Receiver
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Material to be characterised
Transducer (emitter and/or receiver)  —

Transmission mode in water bath Pulse-echo mode
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water

o Receiver

Only solution:

Surface reflection method (SRM)
(WP Mason et al. 1949, N Omata et al. 2006)

Waveguide




Theory

Surface Reflection Method (SRM)

Technigue that measures the ratio of the
amplitude of the reflected wave at the
interface between two materials to the
amplitude of the reflected wave at the air
Interface.

The amplitude of the echo changes

when the properties of the material
change.
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Material to be ch
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total reflection on air E
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t respectively for incident,

reflected and transmitted waves

(V Tinard et al. 2021, 2025)



Theory

Surface Reflection Method (SRM)

Shear complex modulus and loss factor

752
G = =3
P

With G* =G +iG",tan 6 =

Where

G*, G', G' are the shear complex, storage and
loss modulus.

| | GII

Energy lost in (
internal motion G/

%— Elastic response

GII/GI

G*
Phase angle o

Impedance coupling for three-layer system

Z; * * ZZ *
Z*_Z*l—?A _Ur(1+Z*A)
3 — ~1 * *
Zl * * Zl *
With A* = == Zf , Ls —exp(———Zae) Uy = up/ uj
Where

71,75 and Z3 are respectively the complex impedances
of waveguide, coupling material and the material to be
characterized.

ur and u; are respectively the amplitudes of reflected
and incident waves.

A represents the wavelength.

e the mean thickness of couplant.

a the attenuation coefficient of the couplant.

(V Tinard et al. 2021, 2025) 6



Experimental

Climate chamber for samples storage in 20 °C

S

3OK)

Experimental objective:

Validation of monitoring the changes in the mechanical
properties of chloroprene rubber by SRM technique

X
Qs

Experimental conditions:

Thermal oxidation aging | ,

Temperature (°C) Aging time (Day) 2 types of samples 65 shore A for tests  Heating cf;amber for sample aging
80 1,2,4,8,11,17,28, 46 SRR R ‘
(~35 years at 20°C) PRUIIIIERS AR |
90 1,2,4,8,11,17, 28, 46 S
SRM
(~60 years at 20°C)
100 1,2,4,8,11,17, 28
(~120 years at 20°C)
20 Reference group | Tensile test |




Experimental - Tensile test

(Destructive)
» Dumbbell shaped samples were tested

by 5 cycles of loading unloading with
controlled displacement and a speed |
of 0.1 mm/s at 20°C (5 cycles for K~ m  _allh
elimination of the Mullins’s effect) I Ned

Extensometer
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» A supporting system home-made to
support and stabilize the extensometer

» 4 samples to ensure the repeatability
of the measurement

. Young's modulusE,
Energy dissipation rate w

Supporting 8 Climate
system chamber

Stress - strain curve for 5
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Experimental - Tensile test

True stress o (MPa)

Stress - strain curve for tensile test 3rd cycle
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Young’s modulus E was determined from
the stable region of the stress-strain curve
during loading, where the rubber was in the
linear elastic state.

E = 0tue/Etrue  Stiffness

Energy dissipation rate was determined
from the stable region of the stress-strain
curve during loading, where the rubber
was in the linear elastic state.

W = Wdissipation/wpotential
Damping ability
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Experimental - Surface Reflection Method

(NDT & in situ applicable)
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Experimental - Surface Reflection Method

Experimental conditions

>

Waveguide: PMMA (p = 1180 kg.m=, h =2 cm)

« A good acoustic impedance ratio with rubber
like materials

« Low attenuation

* Inexpensive

Couplant: Honey and SWC gel

«  2types to eliminate the effect of couplant

« Initial thickness of couplants: honey (0.1 — 0.2
mm) and gel (<0.1mm)

Complex shear modulus G*

* 2
G* = 3 Stiffness
Measured frequency of 2 MHz at 20°C o)

3 samples to ensure the repeatability of the Shear |loss factor tan 8

measurement tan 8 = G"' /G’ Damping ability
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Results - Tensile test

Evolution of the 3" cycle Young's modulus Evolution of 3" cycle energy dissipation rate
over time for tensile test over time for tensile test
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Increase of Young’s modulus E at 80, 90 and 100°C
Increase of energy dissipation rate whatever the temperature and aging time,
except after 28 days at 100°C
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Results - SRM technique

Evolution of the storage shear modulus at Evolution of the loss factor tan O in shear
2 MHz over time for SRM technique direction at 2 MHz over time for SRM technique
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* Increase of storage shear modulus G’ at 80, 90 and 100°C

e Slight increase at the beginning of aging, and continuous decrease of loss
factor tan o after 11 days

13



Results

Tensile test Young'’s modulus E vs ultrasonic storage shear

modulus G’ at 2 MHz
103 ¢
: ] * A monotonic relationship
ol B between Young’s modulus
© in quasi static tensile test
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Conclusions & Perspectives

»Increase of Young's modulus E at 80, 90 and 100°C

»Increase of energy dissipation rate whatever the temperature and aging time,
except after 28 days at 100°C

»Increase of storage shear modulus G’ at 80, 90 and 100°C

»Slight increase at the beginning of aging, and continuous decrease of loss
factor tan O after 11 days

» A monotonic relationship between Young's modulus in quasi static tensile test
and shear modulus at high frequency

»No clear relationship between dissipation rate at low frequency and loss factor
at high frequency

Validation of the feasibility of aging measurement using non-destructive methods

perspectives » Development of an in-situ measurement protocol
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